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(54) Saw filter 

(57) A surface acoustic wave filter has pairs of interdigital transducers 4A, 4B, 4C and reflectors 3A, 3B 
formed on a 36° Y-X LiTa0 3 substrate 2, the reflectors sandwiching the interdigital transducers in between. The 
film thickness (h. Fig. 2) of the electrode fingers of the interdigital transducers and the reflectors is such that 
0.06 2 hA £ 0.10 where A is the wavelength of the surface acoustic wave adapted to be generated by the filter. 
The width-to-pitch ratio (M/P) of these electrode fingers for the interdigital transducers and the reflectors is 
such that M/P 2 0.6 in order to improve the shape factor of the filter. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLICATION FOR PATENT 

SURFACE ACOUSTIC WAVE FILTER 

inventor: Yutaka Tada 

Rark qrou^ the Tn vent ion 

This invention relates to a surface acoustic wave 
(SAW) filter having interdigital transducers (IDTs) and 
reflectors formed on a piezoelectric substrate. 

SAW filters are coming to be used in communication 
equipment of different types for providing compact 
apparatus. For use in a portable telephone, however, 
filters having a wide passband of over 25 MHz and a low 
level of insertion loss are required. Examples of prior 
art SAW filter satisfying such requirements, and in 
particular the requirement of a wide passband, include 
those using a 36° rotation Y cut X propagation (Y-X) 
LiTa0 3 substrate or a 64° Y-X LiNb0 3 substrate (referred 
to, for example, in U.S. Patent 5,300,902) with a large 
electro-mechanical coefficient. 

Among SAW filters using a 36° Y-X LiTa0 3 substrate, 
designs such as the ladder type and the interdigitated 
interdigital transducer (IIDT) type are actually being 
used. With SAW filters of an ordinary type using mode 
coupling, however, a band width of only about 2% of the 
frequency at the center can be obtained. Since a ratio 
of at least 3% is required between the band width and 
the center frequency for a portable telephone, these 
filters are not useful for practical application. 

SAW filters using a 64° Y-X LiNb0 3 substrate, on 
the other hand, have been in use for portable telephones 
because a ratio of about 4% is obtainable with them 
between the band width and the center frequency. 
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Neither are these filters practical, however, because 
they are not easy to manufacture and their production 
cost is high. 

Explained more in detail, SAW filters used in a 
5 portable telephone have a stop band at least on one side 

of its passband, that is, at least either on its low 
frequency side or on its high frequency side, and a 
certain level of attenuation must be provided within 
such a stop band or bands (usually over 20 dB) . In 
10 other words, filters which have a good shape factor 

(defined as the ratio between the passband width and the 
attenuation band width) and are easy to manufacture are 
those having a narrow band width at attenuation of 20 
dB. 

15 Fig. 8 is a frequency characteristic of a prior art 

SAW filter using a 64° Y-X LiNb0 3 substrate designed for 
use in a mobile communication system requiring a SAW 
filter with central frequency f 0 of 947.5 MHz on the 
side of the reception circuit for its portable unit. In 

20 order to prevent interference from waves of reception 

frequencies within 45 MHz of the central frequency f 0 on 
its lower frequency side, this filter should preferably 
have attenuation of over 20 dB within a stop band of 
902.5±12.5 MHz (hereinafter referred to as the lower- 

25 frequency side stop band C) . For image suppression on 

the higher frequency side, furthermore, this filter 
should preferably also have attenuation of over 20 dB 
within another stop band of 992.5±12.5 MHz (hereinafter 
referred to as the higher-frequency side stop band C ' ) . 

30 Since the central frequencies of SAW filters are 

not exactly the same but fluctuate due to variations in 
their production conditions, their attenuation charac- 
teristics also vary from one product to another. In 
order to maintain attenuation levels greater than 20 dB 

35 on both the lower and higher frequency sides, therefore, 
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a control with correspondingly high level of accuracy is 
required regarding frequency. 

Although it may be ideal to have the central 
frequency of a SAW filter approximately in the middle 
5 between its lower-frequency and higher-frequency side 

stop bands C and C, as shown in Fig. 8, in order to 
obtain high attenuation on both the lower and high 
frequency sides, attenuation over 20 dB can be obtained 
even when changes at the central frequency may be big if 

10 the band width A at attenuation level of 20 dB is 

narrow. In other words, the band width at attenuation 
of 20 dB plays an important role in obtaining attenua- 
tion of over 20 dB on both the lower-frequency and high- 
frequency sides of the central frequency. 

15 m the example shown in Fig. 8, the allowance for 

production errors (width of allowed frequency varia- 
tions) on the lower-frequency side is represented by the 
frequency difference between Points X and Y, and its 
magnitude is obtained by subtracting the half width at 

20 attenuation level of 20 dB (28 MHz) and the half width 

of the lower-frequency side stop band C (12.5 MHz) from 
the frequency difference B (= 45 MHz) between the 
centers of the stop band and the passband. In the 
example shown in Fig. 8, this is calculated to be 4.5 

25 MHz but, since the frequencies of SAW filters normally 

fluctuate by about ±3 MHz from a normal-temperature 
value as temperature changes within a range of, say, -25 
to 75° C, this is usually subtracted from the calculated 
value and 4.5 - 3 = 1.5 MHz is regarded as the allowance 

30 for production errors on the lower-frequency side. The 

production error allowance on the higher-frequency side 
is similarly calculated to be 1.5 MHz. 

Since the central frequency of a filter depends 
heavily on the thickness of its film electrodes and the 

35 width of its electrode lines, however, a production 



error allowance of 1.5 MHz on each side is not suffi- 
cient, and it becomes necessary to strictly control the 
thickness of the film electrodes and the width of the 
electrode lines for each production lot. This makes 
the production difficult and has the adverse effect of 
increasing the production cost. 

Summary of the Inv ention 

It is therefore an object of this invention to 
provide a SAW filter which can be manufactured easily 
such that its production cost can be reduced. 

A SAW filter according to this invention, with 
which the above and other objects can be accomplished, 
may be characterized not only as having a plurality of 
pairs of IDTs closely disposed on a 36° Y-X LiTa0 3 
substrate and reflectors on both sides of the IDTs, but 
also wherein the thickness h of the electrode films for 
the IDTs and the reflectors and the wavelength X of the 
surface wave generated by this filter are such that 0.06 
< h/X < 0.10. If the width of the fingers belonging to 
these IDTs and the reflectors is M and their pitch is P, 
it is preferred that 0.6 < M/P. 

Brief Description o f the Drawings 

The accompanying drawings, which are incorporated 
in and form a part of this specification, illustrate 
embodiments of the invention and, together with the 
description, serve to explain the principles of the 
invention. In the drawings: 

Fig. 1 is a plan view showing the general structure 
of a SAW filter according to this invention; 

Fig. 2 is an enlarged sectional view of a portion 
of IDT or reflector part of a SAW filter according to 
the first and second embodiments of this invention; 
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Fig. 3 is a graph which shows the relationship 
between the ratio h/X and the passband width-to-center 
frequency ratio of a SAW filter; 

Fig. 4 is a graph which shows a characteristic 
5 curve of a SAW filter according to the first embodiment 

of this invention; 

Fig. 5 is a graph which shows the relationship 
between the width-to-pitch ratio of the electrode 
fingers and the band width at attenuation of 20 dB of a 
10 SAW filter; 

Fig. 6 is a plan view of another SAW filter 
according to this invention having two filter sections; 

Fig. 7 is a graph which shows a characteristic 
curve of a SAW filter according to a second embodiment 
15 of this invention; and 

Fig. 8 is a graph which shows a characteristic 
curve of a prior art SAW filter. 

Throughout herein, components which are substan- 
tially alike are indicated by the same numerals, as 
20 between Figs. 1 and 6, and are not necessarily described 

repetitively. 

Detailed Description of the Invention 

Figs. 1 and 2 show some common structural charac- 
teristics of SAW filters 1 according to this invention. 

25 Reflectors 3A and 3B are formed on a surface of a 36° Y- 

X LiTa0 3 substrate 2 with three iDTs 4A, 4B and 4C of a 
known type formed sequentially arranged therebetween. 
The reflectors 3A and 3B and the IDTs 4A, 4B and 4C are 
each comprised of a plurality of what will hereinafter 

30 be referred to as electrode fingers 5 which are elon- 

gated electrodes arranged mutually parallel, as dis- 
closed, for example, in U.S. Patent No. 5,223,762. The 
two IDTs 4A and 4C at both ends are electrically 
connected to each other in parallel and connected to an 



input/output terminal 6, while the IDT 4B in the middle 
therebetween is connected to a separate input/output 
terminal 7. Each of these reflectors 3A and 3B and IDTs 
4A, 4B and 4C may be formed by first forming a thin Al 
film on the 36° Y-X LiTa0 3 substrate 2 and then photo- 
etching the formed film. They may alternatively be 
formed by selective deposition, for example/ by a so- 
called "lift-off" method. 

A SAW filter 1 thus formed according to this 
invention is characterized as having the thickness of 
the electrode film for the IDTs 4A, 4B and 4C and the 
reflectors 3A and 3B determined according to the 
wavelength of the SAW generated thereby. Explained more 
in detail/ if the film thickness of the electrode 
fingers 5 of the IDTs 4A, 4B and 4C and the reflectors 
3 A and 3B is h and the wavelength of the SAW generated 
by the filter 1 is X/ the thickness-to-wavelength ratio 
h/X according to this invention is equal to or greater 
than 0.06 but not greater than 0.10 # that is, 0.06 £ 
h/X £ 0.10. According to this invention, the produc- 
tion error allowance is thereby increased such that the 
production becomes easier and the production cost can be 
reduced. 

In summary, SAW filters using a 36° Y-X LiTa0 3 
substrate, instead of a 64° Y-X LiNb0 3 substrate, have 
been known to have an improved Q value for their 
resonators and an improved shape factor, although prior 
art SAW filters of this type could not provide a 
sufficiently large passband width for use in a portable 
telephone, as explained above. For portable telephones 
operating in a 900 MHz band, for example, a passband 
with width of at least 30 MHz is required if effects of 
temperature variations are to be taken into consider- 
ation. In other words, a passband width-to-central 
frequency ratio of about 3.3% is required. The present 



7 



invention is based on the discovery that the stop band 
of the reflectors 3A and 3B becomes wider and the width 
of the passband can be increased if the thickness h of 
the electrode film of the IDTs 4A, 4B and 4C and the 
5 reflectors 3A and 3B is increased. Fig. 3 shows results 

of an experiment measuring the passband width-to-center 
frequency ratio as the thickness-to-wavelength ratio 
h/X of a similar SAW filter was changed. 

With prior art SAW filters of this type, the 

10 thickness-to-wavelength ratio h/X was usually about 

0.03. Fig. 3 shows that the thickness-to-wavelength 
ratio h/X of a SAW filter using a 36° Y-X LiTa0 3 
substrate must be increased by a factor of at least 2, 
or h/X z 0.06, in order to increase its passband width- 

15 to-center frequency ratio to 3.3% such that it can be 

used in a portable telephone. 

Fig. 3 also shows that the passband width-to-center 
frequency ratio keeps increasing correspondingly as the 
thickness-to-wavelength ratio h/X is increased. If the 

20 thickness-to-wavelength ratio h/X is increased exces- 

sively, however, the passband may overlap with the stop 
band on the lower-frequency side and/or the higher- 
frequency side, causing insufficient attenuation. Since 
separation between the stop bands on the lower-frequency 

25 and higher-frequency sides is about 65 MHz according to 

Fig. 8, it is not desirable to allow the passband width- 
to-center frequency ratio to be greater than 6.9%. In 
other words, the thickness-to-wavelength ratio h/X must 
be no larger than 0.10 according to the experimental 

30 result shown in Fig. 3. 

A SAW filter according to a first embodiment of 
this invention was manufactured with the thickness-to- 
wavelength ratio h/X equal to 0.6 and its attenuation 
characteristic was measured. As shown in Fig. 4, the 

35 band width at the attenuation level of 20 dB was 48 MHz, 



which is an improvement by 8 MHz from the prior art 
example shown in Fig. 8. The production error allow- 
ance, calculated similarly as explained above, is 5.5 
MHz on each side, which is larger than the prior art 
value by a factor of about 3.6. Fig. 4 also shows that 
the attenuation of nearly 30 dB is achieved. 

Although the passband width can be increased by 
increasing the thickness h of the electrode film for the 
IDTs 4A, 4B and 4C and the reflectors 3A and 3B, the 
shape factor becomes bad if the reflectivity of the 
reflectors 3A and 3B increases and the stop bands become 
too wide. In view of the above, a SAW filter according 
to a second embodiment of this invention is character- 
ized wherein the width of the electrode fingers 5 of its 
IDTs 4A, 4B and 4C and reflectors 3A and 3B is deter- 
mined such that the shape factor of the filter will be 
improved. In all other respects, SAW filters according 
to the second embodiment of the invention are identical 
to one according to the first embodiment of the inven- 
tion described above with reference to Figs. 1 and 2, 
that is, they comprise a 36° Y-X LiTa0 3 substrate 2 on 
which are formed reflectors 3 and IDTs 4 each having a 
plurality of electrode fingers 5. The film thickness h 
of these electrode fingers 5 is again required to 
satisfy the condition 0.06 < h/X < 0.10 where A 
indicates the wavelength of the SAW generated by the 
filter. 

As shown in Fig. 2, let P and M respectively 
indicate the pitch and width of the electrode fingers 5 
of the IDTs 4 A, 4B and 4C and reflectors 3A and 3B. 
Then, a SAW filter according to the second embodiment of 
this invention is additionally characterized wherein 
their ratio M/P (that is, the width-to-pitch ratio which 
may also be referred to as "the electrode finger duty" ) 
is equal to or greater than 0.6, that is 0.6 < M/P. 



9 



With the width-to-pitch ratio M/P thus selected, SAW 
filters according to the second embodiment of this 
invention can be produced more easily and at a reduced 
production cost. 

Fig. 5 shows results of another experiment carried 
out to measure the changes in band width at the attenua- 
tion level of 20 dB for a SAW filter according to this 
invention as the width-to-pitch ratio M/P of the 
electrode fingers was varied. Fig. 5 shows clearly 
that the band width at the attenuation level of 20 dB 
decreases and hence the shape factor improves as the 
width-to-pitch ratio M/P of the electrode fingers is 
increased. One can conclude from a further analysis 
that best results can be obtained if M/P £ 0.6. 

Fig. 5 indicates that some improvement is obtain- 
able even if the ratio M/P is below 0.4, but the 
improvement in this case is very small. Moreover, since 
the resistance of the electrode fingers becomes large 
and the insertion loss becomes worse if their width is 
reduced, it is not desirable to make the electrode 
fingers too narrow. Since the upper limit of the ratio 
M/P depends on the manufacturing technology of the 
electrode fingers (or the technology of forming gaps 
between electrode fingers), this invention does not set 
any value as the upper limit of this ratio. 

Although the invention has been described above 
with reference to only a small number of examples, these 
examples are intended to be illustrative, and not as 
limiting the scope of the invention. Many modifications 
and variations are possible within the scope of the 
invention. For example, Fig. 6 shows another filter 10 
also embodying this invention and having two filter 
sections arranged parallel to each other and cascaded, 
each section being structured as explained above with 
reference to Fig. 1 and the two sections sharing a 
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single input/output terminal 6. Fig. 7 shows" an f 
experimentally obtained characteristic curve of a filter 
having two filter sections connected to each other as 
shown in Fig. 6, each filter section being structured 
5 according to the second embodiment of this invention 

described above with the thickness-to-wavelength ratio 
h/X of the electrode film equal to 0.6 and being like 
prior art filters in other respects. Fig. 7 shows that 
the band width A at the attenuation level of 20 dB is 40 

10 MHz, indicating an improvement by 16 MHz over the prior 

art example. The production error allowance, calculated 
similarly as explained above, is 9.5 MHz and this is 
about 6.3 times the value obtained for the prior art 
filter described above. Fig. 7 also shows that attenua- 

15 tion greater than 30 dB was obtained. 

SAW filters having three or more filter sections 
connected together are also within the scope of this 
invention. Although examples with three sets of IDTs 
formed on a 36° Y-X LiTa0 3 substrate were shown above, 

20 there may be only two sets of IDTs or four sets on the 

substrate. In summary, the present invention teaches 
firstly that the thickness-to-wavelength ratio h/X of 
the electrode film should be between 0.06 and 0.1 for 
the electrode fingers of the reflectors and IDTs of a 

25 SAW filter of a prior art type, and secondly that the 

width-to-pitch ratio M/P of their electrode fingers be 
increased such that M/P £ 0.6. SAW filters thus 
designed have an improved shape factor and since the 
production error allowance is increased, they are easier 

30 to manufacture and their production cost is reduced. 
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WHAT IS CLAIMED IS: 

1. A surface acoustic wave filter comprising: 
a 36° Y-X LiTa0 3 substrate; 

a plurality of interdigital transducers formed on 
said substrate; and 

reflectors formed on said substrate and sandwiching 
said interdigital transducers therebetween, said 
interdigital transducers and said reflectors comprising 
elongated electrode fingers, thickness h of said fingers 
being such that 0.06 £ h/X < 0.01 where X is the 
wavelength of surface acoustic wave adapted to be 
generated by said filter. 

2. The surface acoustic wave filter of claim 1 wherein 
said fingers have width M and are arranged at a pitch of 
p to form said interdigital transducers and said 
reflectors, M/P being equal to or greater than 0.6. 

3. A surface acoustic wave filter comprising: 
a 36° Y-X LiTa0 3 substrate; and 

a plurality of filter sections formed parallel and 
cascaded to one another on said substrate, each of said 
filter sections comprising a plurality of interdigital 
transducers formed on said substrate and reflectors 
which are formed on said substrate and sandwich said 
interdigital transducers therebetween, said interdigital 
transducers and said reflectors comprising elongated 
electrode fingers, thickness h of said fingers being 
such that 0.06 < h/X < 0.01 where X is the wavelength 
of surface acoustic wave adapted to be generated by said 
filter. 

4. The surface acoustic wave filter of claim 3 wherein 
said fingers have width M and are arranged at a pitch of 
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p to form said interdigital transducers and said 
reflectors, M/P being equal to or greater than 0.6. 
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